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SUMMARY 


Aerodynamic characteristics obtained in a spinning flow 
environment utilizing a rotary balance located in the Langley 
spin tunnel are presented in plotted form for a 1/5-scale, single- 
engine, low-wing, general aviation airplane model. The configura- 
tions tested included the basic airplane, various airfoil shapes, 
tail designs, fuselage strakes and modifications as well as air- 
plane components. Data are presented for pitch and roll angle 
ranges of 30 to 90° and 10 to -10°, respectively, and clockwise 
and counter-clockwise rotations covering an ^ range from 0 to .9. 
The data are presented without analysis. 

INTRODUCTION 

The NASA Langley Research Center has initiated a broad gen- 
eral aviation stall/spin research program which includes spin-tun- 
nel and free-f light radio control model tests, as well as full- 
scale flight tests for a number of configurations typical of light 
general aviation airplanes. As a supporting part of this effort, a 
series of static and rotary balance wind tunnel force tests cover- 
ing these same configurations will be conducted to establish a data 
base for analysis of model and full-scale flight results, and to be 
used in the development of design charts for desirable stall/spin 
characteristics . 

The first force test program involved static wind tunnel 
tests (ref. 1) of a typical single-engine , low-wing, general aviation 
aircraft configuration in the Ames Research Center 12-foot Pressure 
Tunnel. During these tests, data were obtained for the basic con- 
figuration and for modifications previously investigated on a 1/11- 
scale spin-tunnel model (ref. 2) . These modifications consisted of 
different airfoil shapes, tail designs, fuselage strakes and fuse- 
lage shapes. In addition, airplane component (i.e., fuselage alone, 
fuselage-wing, etc.) data were acquired. All the configurations 
tested statically were then tested in a spinning flow environment 
utilizing a rotary balance located in the Langley spin tunnel. The 



data obtained during the rotary tests are reported herein, and a 
subsequent report will present an analysis of the data. 


SYMBOLS 

The units for physical quantities used herein are present- 
ed in the International System of Units (SI) and U.S. Customary 
Units. The measurements were made in the U.S. Customary Units, 
and equivalent dimensions were determined by using the conversion 
factors given in reference 3. 
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wing span, m (ft) 

mean aerodynamic chord, cm (in.) 


normal-force coefficient, 
side-force coefficient. 


Normal force 
qS 

Side force 


qS 


1 1 • , Rolling moment 

rolling moment coefficient, 

qSb 

pitching-moment coefficient. Pitching moment 

qSc 

yawing-moment coefficient, Yawin 9 moment 

qSb 


free-stream dynamic pressure 
Reynolds number 
wing area, m 2 (ft 2 ) 

angle of attack, tan -1 (tan 0 cos <p) , deg 
angle of sideslip, sin -1 (sin 0 sin <J>) deg 

angle of pitch, angle between spin axis and the longitudin- 
al body axis, deg 


Si 
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angle of roll, angle between horizontal and lateral body 
axis, positive when right wing down, deg 

angular velocity about spin axis, rad/sec 



S2b 

2V 


spin coefficient, positive for right spin 

aileron deflection, positive when right aileron is down 

(6 -6_ ) /2, deg 

a R a L 

6^ elevator deflection, positive when trailing edge is down, 
deg 

rudder deflection, positive when trailing edge is to left, 
deg 

Abbreviations : 

F forward of eg 

eg center of gravity 

LE leading edge 

rpm revolutions per minute 

SR spin radius 

TE trailing edge 

ROTARY BALANCE APPARATUS 
Background 

A rotary balance measures the forces and moments acting on 
an airplane while subjected to the rotational flow conditions 
existing during a spin. The need for this type of information 
was recognized early in the development of the airplane. For ex- 
ample, early researchers (ref. 4) noted in 1928 that the use of 
"straight" force tests are likely to lead to erroneous conclusions 
when applied to the spin. NACA investigators at that time devel- 
oped a "spinning" balance (ref. 5) installed in a 5-foot Vertical 
tunnel since they appreciated that subjecting all components of 
an airplane model to a constant velocity vector during static 
force tests was a poor simulation of the flow conditions existing 
in a spin. The table below illustrates the significance of rota- 
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tion rate on the velocity vector when the spin axis passes through 
the eg for the airplane configuration tested herein at an angle 
of attack and sideslip of 80° and 0°, respectively, at the eg. 



INBOARD 
WING TIP 

Aa 

OUTBOARD 
WING TIP 

TAIL 

TE 

A8 

— « 

NOSE 

LE 

fib 1 

2V 

0.0 

0.0 

0.0 

0.0 


0.0 

0.2 

11.5 

-10.8 

-11.9 


4.9 

0.4 

23.0 

-20.2 

-22.9 


10.9 

0.6 

33.4 

-28.2 

-32.3 


14.5 

0.8 

42.5 

-34.7 

-40.2 


19.0 

1.0 

50.0 

-40.0 

-46.5 


23.3 


It can be seen that for a high rotation rate =1.0) a dif- 

ference of 90° in angle of attack would exist between the wing 
tips such that the local angle of attack of the inboard and out- 
board tips is 130 and 40°, respectively. At the same time, the 
sideslip is of opposite sign forward and aft of the eg, resulting 
in a 70° difference in sideslip angle between the nose and tail. 
These large variations in the velocity vector certainly warrant 
the concern expressed in the applicability of static force meas- 
urements in predicting the existence of spin equilibrium condi- 
tions . 

The usefulness of the early NACA "spinning" balance was limit- 
ed, however, by the size of the models and tunnel, and the 6-com- 
ponent balance was mounted external to the model and was large 
relative to the model. Consequently, by 1945, a "rotary" balance 
was developed and installed in the Langley 20-foot spin tunnel 
which is described in reference 6. Unfortunately, this was the 

' Rates. of rotation have been traditionally expressed nondimen- 
sionally in terms of the linear and angular velocities V and fi, re- 
spectively, and half the wing span. The expression is conse- 

quently the ratio of the wing tip speed to the forward speed and 
is analogous to the arc tangent of the helix angle at the wing tip. 
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first and last report to be issued relative to the apparatus be- 
cause of difficulty in obtaining repeatable data and the consid- 
erable effort required to obtain and reduce the measurements. 

In recent years, NASA installed a rotary balance apparatus 
in the Langley Full-Scale Tunnel and sponsored studies, such as 
reference 7 and 8, to determine the ability of current analytic- 
al techniques to compute the flight motions of current fighter 
airplane configurations. These studies clearly demonstrated the 
need to model the effects of spin rotation rate on the aerodynam- 
ic characteristics in all phases of the spinning motion. As a 
result of these experimental and analytical efforts, NASA subse- 
quently modernized the rotary balance installed in the spin tun- 
nel. The data presented herein were obtained with this up-dated 
apparatus after validation tests (see Appendix) were performed. 

Test Equipment 

A photograph and sketch of the present rotary balance appa- 
ratus installed in the Langley spin tunnel are shown in figures 1 
and 2, respectively. The rotating portion of the balance system, 
mounted on a horizontal supporting boom which is hinged at the 
wall, is moved from the wall to the center of the tunnel by ca- 
bles. The rotary arm of the balance system, which rotates about 
a vertical axis, is attached to the outer end of the horizontal 
supporting boom and is driven by a drive shaft through couplings 
and gears . 

A test model is mounted on a strain gauge balance which is 
affixed to the bottom of the rotary balance apparatus. Controls 
located outside the tunnel are used to activate motors on the rig 
which position the model to the desired attitude. The pitch angle 
range of the rig is 0 to 90 degrees and the roll angle range is 
± 15 degrees. The spin radius and the lateral displacement motors 
allow the operator to position the moment center of the balance 
on the spin axis or at a specific distance from the spin axis. 

This is done for each combination of pitch and roll angle. The 
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general practice is to mount the moment center of the balance at 
the eg location about which the aerodynamic moments are desired. 
Electrical current from the balance, and to the motors on the rig, 
is passed through slip-rings located at the rig head. Examples of 
how the rig is positioned for different pitch and roll angles are 
shown in figures 2a and 2b, respectively. 

The model can be rotated up to 90 rpm in either direction. 

By using different rotational speeds and a specific airflow in the 
tunnel, the motions of a steady spinning airplane can be simulat- 
ed. The aerodynamic forces and moments can then be measured for 
values of ftb/2V, including the case of = 0, where static aero- 
dynamic forces and moments can be obtained. 

A NASA six-component strain gauge balance is mounted inside 
the model and measures the normal, lateral and longitudinal forces 
and the roll, pitch and yaw moments acting about the model body 
axis. The interactions that exist between the six components are 
available from balance calibration tests and are accounted for be- 
fore the balance voltages are converted to forces and moments. 

The specific balance was chosen on the basis that the maximum 
loads measured would be toward the upper load limit of each com- 
ponent of the balance. 

The data acquisition, reduction and presentation system for 
the rotary balance system is composed of a 12-channel scanner/volt- 
meter, a mini-computer and a plotter as shown in figure 3. With 
this equipment, on-line digital print-out and/or graphical plots 
of data are possible. 


Test Procedures 

Rotary aerodynamic data are obtained in two steps. The first 
step is to record the inertial forces and moments (tares) acting 
on the model at different attitudes and rotational speeds. To ac- 
complish this, a large box structure is mounted to the lower por- 
tion of the rig which encloses the model without touching it. In 
this manner, the air immediately surrounding the model is rotated 
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with it. As the rig is rotated at the desired attitude and rpm, 
the inertial forces and moments generated by the model are meas- 
ured and stored on magnetic tape for later use. * 

The second step in the data-gathering process is to measure 
aerodynamic and inertial forces at different attitudes and rota- 
tional speeds for a selected tunnel velocity with, of course, the 
box structure removed- The tares are subtracted from these val- 
ues, and the remaining aerodynamic forces and moments are then 
converted to coefficient form and stored on magnetic tape. The 
aerodynamic coefficients are plotted versus ftb/2V for analysis. 


MODEL 

A 1/5-scale fiberglass/aluminum model of a configuration con- 
sidered to be a typical low-wing, single-engine, light general 
aviation airplane was tested in the present study. A three-view 
drawing of this model is shown in figure 4 , dimensional character- 
istics of the model are presented in Table I, and a photograph of 
the model installed on the rotary balance located in the Langley 
spin tunnel is presented in figure 1. 

The model was fabricated such that various airplane compo- 
nents were removable for component build-up tests and for testing 
alternate wing airfoils and tail configurations. In addition, 
allowance was made for attaching various fuselage strakes and mod- 
ifications . 

The three wing airfoil sections tested were a modified NACA 
64 series airfoil with and without leading-edge droop, and a NASA 
GA(W)-1 airfoil. Sketches of the airfoils are shown in figure 5. 
The three tail configurations tested involved different locations 
of the horizontal tail as shown in figure 6. The fuselage strakes 
and modifications tested are shown in figures 7 and 8, respect- 
ively, and the dimensional characteristics of these fuselage addi- 
tions are presented in Table II. 

Figure 9 and Table II present the location and dimensions, 
respectively, of spoilers which were tested during this investig- 
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ation but not during the previous static force test program. 

The model control surfaces could be set at any position pri- 
or to the test'. The maximum deflections for the control surfaces 
were : 

Rudder, deg 25 right, 25 left 

Elevator, deg 25 up, 15 down 
Aileron, deg 25 up, 20 down 

TEST CONDITIONS 

The tests were conducted in the spin tunnel during November, 
1977 at a tunnel velocity of 7.62 m/sec (25 ft/sec) which corre- 
sponds to a R of 128,000 based on the model mean aerodynamic 
chord. Unless noted otherwise in Table III, all the configura- 
tions were tested through a pitch angle range of 30 to 90° in 5° 
increments with the spin axis passing through the full-scale air- 
plane eg location of .255c and the roll angle set at 0°. At each 
spin attitude, measurements were obtained for nominal ^ values 
of .1, .2, -.3, .4, .5, .7, and .9 in both clockwise and counter- 

clockwise directions as well as for - 0 (static value) . 

DATA PRESENTATION 

Table III identifies the configurations tested as well as 

the figure and page numbers in which the corresponding data are 

plotted. Each figure presents the aerodynamic coefficients vs 

^ for various values of pitch angle in the following order: , 

C„, C , C , C„. All the moment data are oresented for a center 
l m N Y 

of gravity position of 0.255c. 

Table IV lists a key to the configuration nomenclature used 
in Table III and the data figures. 
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APPENDIX 


As a part of validating the up-dated rotary balance appara- 
tus, a series of tests were performed in which data were meas- 
ured at a given value for different combinations of linear (V) 
and angular (ft) velocities as shown below at 0 values of 30, 60 
and 90°. 


ftb LINEAR ANGULAR 

2 V (TUNNEL) (BALANCE) 

VELOCITY VELOCITY 


LINEAR ANGULAR 
(TUNNEL) (BALANCE) 
VELOCITY VELOCITY 


LINEAR ANGULAR 
(TUNNEL) (BALANCE) 
VELOCITY VELOCITY 



m/sec 

rpm 

m/sec 

rpm 

0 

7.62 

(25) 

0 

14.17 

' (46.5) 

0 

±.05 



5 



9.5 

±.10 



10 



18.5 

±.20 



20 



37 

±.30 



30 



56 

± .40 



40 



74 

±.50 



50 




±.70 



70 




±.90 



90 





m/sec rpm 

19.81 (65) 0 

13 
26 
51 
77 

1 ( 90 


The tunnel velocities of 7.62, 14.17 and 19.81 correspond 

to a R of 1.28, 2.31, and 3.34 x 10 5 , respectively, based on c. 

E ftb 

The forces and moments measured at a given value should be i- 

dentical for any combination of ft and V if there are: 

1) no scale effects, 

2) the inertial forces and moments (tares) can be measured accu- 
rately through the angular velocity range tested, and 

3) the data acquisition and reduction systems are programmed and 
functioning properly. 

The moment and normal force coefficients obtained from these 
tests are plotted in figures 53, 54 and 55 for 0 values of 30, 

60 and 90°, respectively. The symmetry in the data obtained be- 
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tween clockwise and counterclockwise rotations as well as the re- 
peatability and closeness of the data measured for different com- 
binations of S2 and V at a given spin coefficient value were con- 
sidered indicative of a satisfactory test capability. 

The applicability of the rotary balance data measured at a 
R_ of 1.28 x 10 5 to represent full-scale airplane characteristics 
may be determined by examining the longitudinal aerodynamic data 
obtained at zero rate of rotation with the data obtained at the 
Ames 12-foot Pressure Tunnel for a Rj, of .288 and 3.45 x 10 6 . 
These data comparisons are presented in figure 56 for and C N 

It can be seen from the Ames data that above an angle of at- 
tack of 30°, the longitudinal aerodynamic characteristics are not 
significantly influenced by R . Good agreement is also shown be- 

hi 

tween the spin and pressure tunnel data. 
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TABLE I.- DIMENSIONAL CHARACTERISTICS OF THE MODEL 


Overall length with tail 3 , m (ft) 


1.17 (3.83) 


Wing: 

Span, m (ft) 1.46 (4.80) 

Area, m 2 (ft 2 ) .36 (3.87) 

Root chord, cm (in.) 24.54 (9.66) 

Tip chord, cm (in.) 24.54 (9.66) 

Mean aerodynamic chord, cm (in.) 24.54 (9.66) 

Leading edge of c, distance rearward of leading 

edge of root chord, cm (in.) 0 

Aspect ratio 5.9 

Dihedral, deg 5.0 

Incidence: 

Root, deg 3.5 

Tip, deg 3.5 


Airfoil section 


NACA 64 2 -415 modified 


Horizontal tail: 
Span, m (ft) 
Incidence, deg 
Airfoil section 


.47 (1.53) 
-3.0 

NACA 65! -012 


Vertical tail: 

Airfoil section 


NACA 65 ! -012 
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TABLE II.- DIMENSIONAL CHARACTERISTICS OF MODIFICATIONS 


Rounded fuselage corners (C) : 

Length, cm (in.) 16.76 (6.60) 

Radius, cm (in.) 1.27 (.50) 

Strake, horizontal (SH) : 

Length, cm (in.) 30.69 (12.08) 

Width, cm (in.) 2.29 (.90) 

Thickness, cm (in.) . .32 (.13) 

Strake, vertical (SV) : 

Length, cm (in.) 16.76 (6.60) 

Width, cm (in.) 1.35 (.53) 

Thickness, cm (in.) .32 (.13) 

Strake, cowl (SC): 

Length, cm (in.) 17.35 (6.83) 

Width, cm (in.) .64 (.25) 

Thickness, cm (in.) .32 (.13) 

Ventral fin (U) : 

Length, cm (in.) 28.96 (11.40) 

Maximum width, cm (in.) 4.57 (1.80) 

Thickness, cm (in.) .32 (.13) 

Spoiler (SP) : 

Length, cm (in.) 20.32 (8.0) 

Width, cm (in.) 3.30 (1.3) 
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TABLE III.- CONFIGURATIONS TESTED AND FIGURE INDEX 


(Unless noted otherwise, all conflgs. tested with spin axes passing 
through eg and 0° through 9= 30 to 90° In 5° Increments.) 










TABLE IV. ~ CONFIGURATION NOTATION 


B Fuselage 

Wl Modified NACA 64 2 - 415 airfoil 
W2 NASA GA(W) - 1 airfoil 

W3 Modified NACA 64 2 - 415 airfoil with leading-edge droop 

H3 Horizontal tail #3 

H4 Horizontal tail #4 

H5 Horizontal tail #5 

H6 Horizontal tail #6 

TT Twin tail 

V Vertical tail 

C Rounded fuselage corners 

SH Horizontal fuselage strakes 

SV Vertical fuselage strakes 

SC Cowl strakes 

U Ventral fin 

E Extended fuselage 

D Deep rounded fuselage bottom 

SP1 Spoiler (position 1) 

SP2 Spoiler (position 2) 

%SP1 Spoiler (position 1 on one wing) 
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Figure 1.- Photograph of 1/5-scale model installed on 
rotary balance apparatus. 






A Slip ring housing 

B Spin radius offset 

potentiometer 
, C Lateral offset 

drive gears 
D Lateral offset 

i potentiometer 

' E Strut 

F Bank angle potentiometer 

G Bank angle positioning 

i I motor 


A 



b) Front view of model. 


Figure 2.- Concluded. 
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NASA GA(W) -1 airfoil 




Figure 5.- Wing airfoil sections tested on model. 
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a) Tail 3 


b) Tail 4 


■ n 

(. 28 ) 



c) Tail 6 


Figure 6.- Tail configurations tested on model. Dimensions 
are given in centimeters (inches), model scale. 



6.86 
2 . 70 ) 



(11.90)''" (12.08) 


a) Horizontal strakes on fuselage sides. 




' 'L 

‘ ( . 5( 


b) Vertical strakes on fuselage bottom. 




i 


J 

i.; 




c) Ccwl strakes on fuselage sides. 




d) Ventral fin on fuselage bottom. 


Figure 7.- Fuselage strakes and ventral fin tested on model. 
Dimensions are given in centimeters (inches) , model scale 
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b. ) Yaw i ng — moment coefficient, Theta= 30 to 50deg; Phi= — 0. 2deg. 

Figure 10. “Effect of notation nate and pitch and noil attitude angles on aanodyi 
chanactanistics fon conf iqunation BW1H6V. 













igure 10.- EFFect of rotation rats and pitch and noil attitude angles on aerodynamic 
characteristics far conf iqurotion BW1H6V. 
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j. ) Side-force coefficient, Theta= 30 to 50deg; Phi 0, ldeg. 

i gure IS.—EP’pQct of rotot i on note and pitch and nol 1 att i tude angles on oerodynatnic 
char-actanietics for conf i gurat i on BW 1 H6V. 




07 * 



0 

•H 

E 

0 

c 

X 

■0 

0 

L 

0 

0 

C 

0 



© 


01 

© 


© 

i-H 


~0 

01 


CO 

z 


, 

0 


s 



T— | 

© 



D 


1! 

3 


•H 

P 


X 

•H 


CL 

P 



P 



0 


01 



© 

iH 


TJ 

rH 


S3 

0 


in 

L 


0 

"0 


+) 

z 



0 


SI 



ro 

X 



0 

■ 

n 

p 

> 

0 

•rl 

(Q 

l p 

0.1 

© 


rH 

X 

■0 


i- 

z 

CO 

* 

0 


p 


C 

c 

© 

0 

© 

p 

•H 

•H 

0 

P 

0 

c 

0 

•rl 


L 

4- 

c 

D 

4- 

0 

Ol 

© 

■rl 

■rl 

0 

p 

4- 

0 

0 

C 


p 

0 

P 

0 

0 

c 

L 


© 


L 

E 

4- 

0 

0 

0 

4- 

£ 

1 

P 

tt 

01 

0 

0 

z 

© 


•H 

4- 

P 

i 

4- 

© 

0 

LlI 

•H 

>- 

1 

L 

rv 

• 

© 

■ , 1 

^ 1 

P 

-0 


G 

- 

1 

0 


© 

L 


L 

0 


D 

X 


01 

0 


■rl 



u. 



38 



^ Phi™. 10. 6d*g. 

F i gur« *~Ef f »ot of rotation rota and pitch and roll attitude angl»» on a« 
oharaotpr i»tio» For configuration BW1H6V. 
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, J. | ) Si de-force coefficient, Theta= 30 to 50degt Phi=” 10. 7deg. 

F i gure 1 1[ . —Effect of notation rate and pitch and noil attitude angles on aenodynamic 
characteristics fon oonf iqunation BW1H6V. 





f iguration BW1H6V. 
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f. ) Pitching-moment coefficient, Theta= 30 to 50degs Phi =-10. 0deg. 

igune 12. -Effect of notation note and pitch and noil attitude anglee on aenodynamic 
chanacten istics f on conf iqunation BW1H6V. 










h.,)Nopmal-force coefficient, Theta= 30 to 50deg; Phi=— 10. ldeg. 

igune 12!. —Effect of notation nate and pitch and noil attitude angles on aenodynamic 
chanacten i et i os fon conf igunation BW1H6V. 
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g. ) Normal —force coefficient, Theta= 55 to 90degf Phi=-5. 2deg. 

i gurej 1 3 . — Eff act of rotation rate and pitch and roll attitude anglee on aerodynamic 
characterietice for configuration BW1H6V. 
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f. ) P i tch i ng— moment coefficient, Theta= 15 to 35deg; Phi=— 0. 3deg. 

ure 14 . -Effect' of notation rate and pitch and noli attitude angles on aerodynami 
hanaoton i st i os for conf i qunat i on BW1H6V 6"SR. 


















a. ) Yawing-moment coefficient, Thefca= 50 to 90dog; Phi= — 0. 3deg. 

gure 15 . — Effect of notation nate and pitch and noil attitude angles on aenodynamic 
characteristice fon conf iqunation BW1H6V - 25e. 
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d. )Normal~foroe coefficient, Theta= 50 to 90deg{ Ph i = -0. 4deg. 

i gone 15 » Effect of notation note and pitch and noli attitude angles on aerodynamic 
chanaoteniet ice fon conf i gunat i on BWlH6V~25e. 
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a. ) Yawing-moment coefficient, Theta= 50 to 70deg; Phi=-0. ldeg. 

igune 16 . —Effect of rotation rate and pitch and noil attitude angles on aerodynamic 
chanacten i st i os fon conf i qunat i on BW 1 H6V— 25e-25n. 





b. ) Ro 1 1 i ng— moment coefficient, Theta= 50 to 70deg; Phi= — 0. Ide 

igure 16 . —Effect of notation note and pitch and noil attitude angles on ae 
characteristics fon conf igunat ion BW 1 H6V— 25e~ 25n. 
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o. ) Pitching-moment coefficient, Theta= 50 to 70degs Phi— — 0. 2deg. 

i gure 1 6 . —Effect of rotation rate and pitch and roll' attitude anglee on aerodynamic 
characterietioe for conf i qurat i on BW 1 H6V— 25e — 25r. 
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a. ) Yaw i ng — moment coefficient, Theta= 50 to 90degs Ph i =— 0. 2deg. 

igune 17 , —Effect of rotation note and pitch and noli attitude angles on aerodynamic 
character ietice for conf iquration BW1H6V+I5e. 
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d. ) Norma 1 — force coefficient. Theta— 50 to 90degs Phi— 0. 2deg. 
igura 17. —Effect of notation nate and pitch and noli attitude angles on aenodynamic 
chanacten i st i cs fon conf i qunat i on BW1H6V + I5e. 
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e -. ) Side-force coefficient, Theta= 50 to 90dege Ph i = — 0. 3deg. 

igunei 1 7 , — Effect of rotation note and pitcH and noil attitude angles on aenodynamic 
character ietice fon oonf iquration BW 1 H6V + 1 5e. 
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nf iguration BW 1 H6V+ 1 5e— 25r. 
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b. ) Ro 1 1 ing— moment coefficient, Theta= 50 to 90degt Ph i — — 0. 4deg. 
igure 18. -Effect of rotation rate and pitch and roll attitude angles on ae^odynam i 
characteristics for conf i gurat i on BW 1 H6V+ 1 5e~ 25r. 








d. ) Normal -force coefficient. Theta= 50 to 90degf Phi=— 0. 4deg. 
igune 18 . —Effect of not at ion nate and pitch and noil attitude angles on aenodynamic 
ohanacteniet ice fon conf iqunation BW1H6V+I5e— 25n. 



e. )Side — force coefficient, Theta= 50 to 90degt Phi=— 0. 4deg. 

igure 18. —Effect of rotation rate and pitch and noil attitude angles on aerodynamic 
chanaotenistice fon oonf i qunat i on BW 1 H6V+ 1 5e _ 25n. 
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a. ) Yawing-moment coefficient, Theta= 55 to 90deg Ph i =—0. 3deg. 

gure ' 1 9 . —Effect of rotation rate and pitch and roll attitude angles on aerodynamic 
character iet ice for conf iguration BW1H3V. 
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b. ) Yaw ing— moment coefficient, Theta= 30 to 50deg Phi=— 0. 3deg. 
igure 19. -Effect of notation note and pitch and roll attitude angles on aerodynamic 
character ietice for conf i qurat i on BW1H3V. 






d. )Rolling-moment coefficient, Theta= 30 -to 50deg Phi =— 0. 3deg. 

F i gure 1 9 . -Effect of rotation rate and pitch and roll attitude angles on aerodynamic j 
characteristics for conf i qurat i on BW1H3V. 
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configuration BW1H3V, 



nfiguration BW1H3V 
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J. )Side~ force ooef f i c i ent, Theta= 30 to 50degs Phi = — 0. 3deg. 

i gore 19. “Effect of rotation rate and pitch and roll attitude angles on aerodynami 
character i ©t i os for conf i qurat i on BW1H3V. 




b. ) Yaw i ng- moment coefficient, Theta— 30 to 50d©gt Ph i = 1 0. 7 deg. 

Figure 20 . — Effect oF rotation rat© and pitch and roll attitude angle© on aerodynamic 
character i et i ce For conFiqurat ion BW1H3V. 







d^ ) Ro 1 1 i ng — moment coefficient, Theta= 30 to 50deg; Phi= 10. 8deg. 

igune 20 . — EFFect of notation nate and pitch and noil attitude anglee on aenody 
chanactenietice fon conf iqunation BW1H3V. 
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h. )Normal-force coefficient, Theta= 30 to 50deg; Phi= 1 0. 8deg. 

igure 20. — EfFsot of notation rate and pitch and noil attitude angles on aenodynamic 
chanactanistics fon conf iqunation BW1H3V. 
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J., ) Sida-force coefficient, Theta= 30 to 50deg; Phi = 10. 7deg. 

igun© 20. “Effect of notation nat© and pitch and noil attitude angles on aeno 
chanaotenistice. fon conf i qunat i on BW1H3V. 
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b. 5 Yaw i ng — moment coefficient. Theta= 30 to 50deg; Phi=“ 0. 3deg. 

i gone 21 . —Effect of rotation rate and pitch and roll attitude angles on aerodynamic 
character i et i cs for conf i gurat i on BWlH3V-25e. 
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figuration BW1H3V - 25e 




f- ) Pitching - moment coefficient, Theta= 30 to 50degt Phi=-0. 2deg. 

21,— Effect of notation rate and pitch and roll attitude anglee on aerodynamic 
icterietice for oonf i qurat i on BW1H3V— 25e. 
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b. ) Yawing-moment coefficient, Theta= 30 to 50deg; Phi=— 0. ldeg 

igune 22.— Effect of notation nate and pitch and noil attitude angles on aenodyn 
chanacten i et i cs fon conf i gunat i on BW 1 H3V+25n— 25©. 
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c. ) Rol 1 ing— moment coefficient. The ta= 55 to 90degi Phi“— 0. 6deg. 

.-Effect of rotation rate and pitch and roll attitude anglee on aerodynamic 
.erietice for configuration BWlH3V+25r— 25e. 
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f. ) P i tch i ng"moment coefficient, Theta— 30 to 50deg; Phi— — 0. 6deg. 
igure 22 . “Effect of rotation rate and pitch and noil attitude angles on aerodynamic 
characteristics fon conf iquration BW1 H3V + 25n— 25e. 
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h. ) Norma 1 —Force coefficient, Theta= 30 to 50deg; Phi= — 0. 6deg. 

igure 22 . — Eff eot of rotation note and pitch and noil attitude angles on aenodynami 
characteristics for conf i gunat i on BW 1 H3V+25n— 25e. 
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j. ) Side-force coefficient-. Theta— 30 to 50degs Phi— 0. ldeg. 
i gure 22 „ —Effect of notation nate and pitch and noil attitude angles on aenodynam i c 
chanactenistics fon configuration BW1H3V+25i — 25e. 
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b. ) Yaw i ng-moment coefficient, Theta- 30 to 50deg; Pbi 0. 3deg. 
igure 23. -Effect of rotation rate and pitch and roll attitude angles on aerodynamic 
character i st i ce for conf iqurotion BW 1 H3V~ 25e-25r. 
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d. )Rolling-moment coefficient, Theto= 30 to 50degj Phi=— 0. 4deg. 

igure 23 . —Effect of rotation rate and pitch and noli attitude angles on aerodynamic 
characteristics for configuration BW 1 H3V— 25e— 25r. 
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oonf iquration BW 1 H3V — 25e — 25r\ 
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nf igunation BW 1 H3V— 25e — 25r\ 



h. ) Norma 1 —force coefficient, Theto= 30 to 50degj Phi— — 0. 4deg. 

igure 23, — Effect of rototion rate and pitch and noil attitude angle© on aerodynamic 
characteristics fon conf i aura t i on BW 1 H3V— 25e— 25r. 









a. ) Yaw i ng-moment coefficient, Theta— 55 to 90deg; Phi 0. 3deg. 

Figure 24. -Effect of notation note and pitch and roll attitude angles on aerodynami 
character i st i cs for conf iquration BW1H3V - 25e - 25r— 22. 5a. 
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f. ) Pitching— moment coefficient, Theta- 30 to 50deg; Phi=— 0. 2deg. 
igure 24. —Effect of notation nate and pitch and roll attitude angles on .aerodynamic 
character i et i cs for conf i qurat i on BW 1 H3V - 25e _ 25r~ 22. 5a. 
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g. ) Normal -force coefficient, Theta= 55 to 90d©gt Phi=-0. 3deg, 

Figure 24, —Effect of notation nate and pitch and noil attitude angles on aerodynamic 
chanaoten i st ice fon configuration BW1H3V— 25©— 25n— 22. 5a. 
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h. ) Normal-force coefficient, Theta= 30 to 50degs Phi 0. 2deg. 

igure 24, —Effect of rotation rate and pitch and roll attitude angles on aerodynamic 
character i st i cs for conf i qurat i on BW 1 H3 V — 25e _ 25r _ 22. 5a, 
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uration BW 1 H3V-25e-25n + 22. 5a, 
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if iguration BW1 H3V— 25e~25n+22. 5a. 
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i. ) Side-force coefficient, Theta= 55 to 90degs Phi— — 0. 8deg. 

igune 25. — Effect of notation note and pitch and noli attitude angles on aerodynamic, 
chanacten i st i cs fan conf i gunat i on BW 1 H3V~ 25e - 25n+22. 5a. 




configuration BW 1 H3V— 25e — 25n+22. 5 



a. ) Yawing-moment coefficient, Theta= 55 to Q0degs Ph i — — 0. 3deg„ 

Figure; 26 . -Effect oF rotation rate and pitch and roll attitude angles' on aerodynamic 
character i et i ce for configuration BW 1 H3V — 25e — 22. 5a. 



b. ) Yawing-moment coefficient, Theta= 30 to 50deg; Phi= — 0. ldeg. 

igure 26. “Effect of notation note and pitch and noil attitude angles on aenpdynainic 
chanactenistics fon conf i gunat i on BW 1 H3V~25e _ 22. 5a. 
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configuration BW1H3V - 25© 22.5a 






f. )Pitohing - moment coefficient, Theta= 30 to 50degs Phi=— 0. ldeg. 

igure 26 . -Effect of rotation rate and pitch and roll attitude anglee on aerodynamic 
character i ©t i ce for conf i gurat i on BW1H3V - 25e _ 22. 5a. 
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conf iquration BW 1 H3V - 25e~22. 5a 








V. I 
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h. ) Normal -force coefficient, Theta= 30 to 50degs Ph i =— 0. ldeg. 

igure 26 . -Effect of notation rate and pitch and roll attitude angles on aerodynamic 
character istice for conf iquration BW1H3V— 25e— 22. 5a. 









J. ) Side - foroe coefficient, Theta= 30 to 50deg; Phi=— 0. ldeg. 

Figure 26 . —Effect of notation note and pitch and noil attitude angles on aerodynamic 
oharooten i et i cs fon conf i gunat i on BW 1 H3 V-25e~22. 5p. 







177 , 


a. ) Yd wing-moment coaff ioient, Theta* 55 to 90degs Ph} ! =-0. 3deg. 

P i gur~e 27 . — Effect of notation nate and pitch and noli attitude angles on aenodynam ic 
chanacten i et i ce fon conf igunation BW1H3V + I5e. 
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. c. ) Rol 1 ing-moment coefficient, Theta= 55 to 90deg: Phi=— 0. 3deg. 

igure 27 . — Effect of rotation rate and pitch and roll attitude angles on aerodynamic 
characteristics for configuration BW1H3V+I5e. 








d. ) Rol 1 ing— moment coefficient, Theta= 30 to 50deg; Ph i =— 0. 3deg. 

27. —Effect of notation rate and pitch and roll attitude angles on aerodynamic 
cterietice for conf i qurat i on BW1H3V + I5e. 
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e.) Pitching-raoment coeff icient, Theta= 55 to 90degs Phi 0. 0deg. 

igure 27.— Effect of rotation rate and pitch and roll attitude angles on aerodynamic 
character i st i ce for conf i qurat i on BW1H3V+I5e. 
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■f. ) Pitching-moment coefficient, Th©ta= 30 to 50d©g; Phi— —0- 2dog. 

i gun© 27 _ — EffQQ-t 0 f ro tati on rate and pitch and noil attitude angles on aenodynamic 
characteristics for conf i qunat i on BW 1 H3V+ 1 5e. 
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i.) Side>— for-oe coefficient, Theta= 55 to 90deg; Phi=— 0, 3<deg. 

igure 27y. -Effect of notation rate and pitch and noil attitude angles on aenodynamic 
chanactenietics fon confiqunation BW 1 H3V+1 5e. 
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b. ) Yaw i ng— moment coefficient, Theta= 30 to 50deg: Phi=— 0. Ideg. 

igure 28 . — Effect of - notation nate and pitch and roll attitude angles on aerodynamic 
characteristics for configuration BW1H5V. 
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f. ) Pitching-tnoment coefficient, Theta— 30 to 50deg; Phi 0. 2deg. 
igure 28 . -Effect of rotation rate and pitch and roll attitude angle© on aerodynam 
characteristics for conf i gurat i on BW1H5V. 
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h. ) Norma 1 — f orce coefficient, Theta- 30 to 50deg; Phi=— 0. 1 dog. 

igure 28 . — EfFect of rotation rate and pitch and roll attitude angles on aerodynami 
characteristics For configuration BW1H5V. 
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l.O Side~force coefficient. Theta® 55 to 90deg; Phi^ — 0. 1 deg. 

i gure 28. —Effect of rotation note and pitch and noil attitude angle® on aerodynamic 
characteristics for conf i qurat i on BW1H5V. 
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. ) Side - force coefficient, Theta= 30 to 50deg; Phi 0. ldeg. 

igure 28 . -Effect of rotation rate and pitch and roll attitude angles on aerodynami 
characteristics for configuration BW1H5V. 
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nf iguration BWinSV-SSn. 
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d. ) Rol 1 ing _ moment coefficient, Theta— 30 to 50degs Phi— 0. 0deg. \ 

i gure 29 , — Effect ©P rotation rate and pitch and noli attitude angles on aerodynamic 
chanacten i et i ce for configuration BW1H5V - 25n, 
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e. ) Pitching— moment coefficient, Theta= 55 to 90degs Phi=— 0. 0deg. 

igure 29. —Effect of rotation note and pitch and roll attitude angles on aerodyi 
character i et i ce for configuration BW1H5V— 25r. 
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cj. )Normal~force coefficient, Theta= 55 to 90degs Phi =—0. 0deg. 

i gure 29 . —Effect of rotat ion rate and pitch and roll attitude angles on aerodynamic 
characterietice for conf iquration BW1H5V— 25r. 




figuration BW1H5V - 25r. 
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oonf igurction BW1HVTT. 
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. j. ) Si de-force coefficient. Theta 3 30 to 50deg; Phi=— 0. 3deg. 

i gure. 30 . “Effect, of rotat i on rate and p i toh and noil attitude anglee on aerodynamic 
ohanaoter ietice fon conf iqunation BW1HVTT. 
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b. ) Yaw i ng~ moment coefficient, Theta= 30 to 50deg Ph i =— 0. 0deg. 
igure 31 . —Effect of notation rate and pitch and noil attitude angles on aenodynamic 
chanactenistics fon oonf i gunat i on BW2H3V. 
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a. ) Yawing— moment coefficient, Theta~ 55 to 90deg; Phi 0, 0deg. 
igure 32, “Effect of notation rate and pitch and noil attitude angles on aenodynamic 
chanacten i st i cs fon conf i qunat i on BW2H3V — 25n. 





b. ) Yawing — moment coefficient, Theta= 30 to 50deg; Ph i = 0. 0deg. 

igure 32. “Effect of rotation rate and pitch and noil attitude angles on aerodynamic 
characteristics fon conf i gunat i on BW2H3V— 25n. 







d. ) Ro 1 1 i ng'moment coefficient, Theto- 30 to 50deg; Phi 0. 0deg. 
iguro 32 . -Effect of rotation rate and pitch and noil attitude anglee on aerodynamic 
characterietice fon conf i gurat i on BW2H3V— 25n. 



231 


e. ) Pitching-moment coefficient, Theta= 55 to 90deg; Phi 0. ldeg. 

igune 32 , —Effect of notation note and pitch and noil attitude angles on aenodynamic 
chanacten i et i c© fon conf iqunation BW2H3V— 25n. 



f. ) Pitching-moment coefficient, Theta= 30 to 50deg; Phi = 0. 1 deg. 

32 . —Effect of rotation rate and pitch and noil attitude angles on aerodynamic 
jcteristics fon conf i qunat i on BW2H3V - 25n. 
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h. ) Nor-ma 1 — force coefficient, Theta= 30 to 50degs Phi= 0. 1 deg. 

i gune 32 . Effect of notation note and pitch* and noil attitude anglee on 
chanacten i et i ce fon conf iqunation BW2H3V _ 25n. 
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i .,) S i de— force coefficient, Theta= 55 to 90deg; Phi— 0. 0deg. 

igure 32 „ —Effect of rotation rate and pitch and roll attitude angles on aero 
character i st i cs for conf i qurat i on BW2H3V— 25r. 
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figuration BW2H3V— 25n. 



Lk ' 


237 


a. ) Yaw i ng — moment coefficient, Theta— 55 to 90deg; Phi— 0. ldeg. 

igure 33. —Effect of notation nate and pitch and noil attitude angles on aenodynamic 
chanacten i st i os fon conf iqunation BW3H3V. 
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©. ) P i tch i ng-moment coefficient, Theta= 55 to 90deg; Phi=-0. 1 deg. 

i gun© 33 . -Effect of notation note and pitofn and noil attitude angle© on aenodynamic 
chanacten i st i cs fon conf i qunat i on BW3H3V. 








figuration BW3H3V, 
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h. ) Normal-force coefficient, Theta= 30 to 50degj Phi = 0. ldeg. 

igure 33. —Effect of notation rata and pitch and noil attitude angles on aenodynamic 
ohanactenistics f on conf i qunat i on BW3H3V. 
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i. ) Side-force coefficient,, Theta= 55 to 90degf Phi=— 0. 1 deg. 

33 . — Effect of notation rate and pitch and roll attitude angles on aonodynarti i c 
jcteristice for conf i qurat i on BW3H3V. 
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a. ) Yaw i ng — moment coefficient, Theta= 55 to 90deg; Phi=~0< 3deg. 

igure 34 . —Effect of notation nate and pitch and noli attitude angles on aerodynamic 
cfaracterietice fon configuration BW1H4V. 
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Pitching— moment, coefficient, Theta= 55 to 90deg; Phi=— 0. 6deg. 

—Effect of notation nate and pitch and noil attitude anglee on aenodyi 
nietioe fon oonf i qunat i on BW1H4V. 
















252 : 


figuration BW1H4V 






h. ) Norma 1 -force coefficient, Theta= 30 to 50deg; Phi=~0. 2deg. 

igure ^4 . _fff ect of rotation rate and pitch and roll attitude angles on aerodynamic 
character i st i cs for conf i qurat i on BW1H4V. 
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for- configuration BW1H4V. 
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J- ) Side-force coefficient, Theta= 30 to 50deg; Phi= — 0. 3deg. 

igure 34. —Effect of rotation rate and pitch and roll attitude angles on cerodynami 
character i st i cs for conf i qurat i on BW1H4V. . 



a. ) Yawing— moment coefficient. Theta“ 55 to 90d«gi Phi“— 0. 5deg. 

Figure 35 . -Effect of rotation rat* and pitch and roll attitude angle* on a*rodynamio 
- characteristic* for configuration BW1H4V+C. 
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b. ) Yawing— moment coefficient, Theta= 30 to S0deg; Phi=— 0. 3deg. 

igure 35. —Effect of rotation rate and pitch and roll attitude anglee on aerodynamic 
character i at i ce for configuration BW1H4V+C. 
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■p ■ ) Pit-ching”mom 0 nt coeff icierrtf Theta* 30 to 50decjp Phi*~0« 2docj. 

igure 35 B ^EPFoot oP rotation rate and pitch and noil attitude angles on aerodynamic 
characterietice for conf iguration E3W1H4V+C. 




inf iguration BW1H4V+C. 
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configuration BW1H4V+C, 
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J-, ) S i de'force coefficient, Theta= 30 to 50d©g: Phi 0. 3d©g 

igure 35 . —Effect of rotation rat© and pitch and roll attitude ang 
characteristics For configuration BW1H4V+C. 
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d. ) Rolling-moment coeff icisnti Theta— 30 to ?0deg; Phi 0. 3deg. 

gure 36 . — Effect- of rotation rots and pitch and noli attitude angles on aen 

Ton oonf i qurot i on BW1H4V + Sh. 







-£fune 36 . —Effect of notation nate and pitch and noil attitude 
charaoter^stfcs for conf i qurat i on BW1H4V+Sh. 
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on aerodynamic 
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a. ) Yaw ing— moment coefficient. Theta— 55 to 90degt Phi* 0. 6deg. 
Figune 37. “Effect of notation nate and pitch and noil attitude anglee on aenoi 
characteristics fon conf i qunat i on BW1H4V+Sv. 
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BW1H4V+Sv. 



c. ) Rol 1 ing— moment coefficient, Theta= 55 to S0degt Phi — 0. 3deg. 

igune 37 . “Effect of notation nate and pitch and noil attitude anglee on aenodynamic 
chanactenietiee fon configunation BW1H4V+Sv. 



d. ) Rol 1 ing”moment coefficient, Theta- 30 to 50degs Phi— 0. ldeg. 
guro 3 7 b “Effect of rotation rate and pitch and noil attitude angle© on aenodynam i c 
chanacten i et i ce for configuration BW1H4V+Sv. 
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f . ) Pitching— moment coefficient, Theta= 30 to 50degt Phi =■— 0. 3deg. 
i gune 37 . —Effect of notation rote and pitch and noil attitude angle* on aenodynami 
chanactenietice fon conf i qunat i on BW1H4V+Sv. 
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h. ) Normal— f once coefficient, Theta= 30 to 5Zdeg: Phi=-0. 3deg. 

igune 37 . — EPF act of notation nate and pitch and noil attitude angles on aenodynamic 
chanactsnisti'ce fon conf i gunat i on BW1H4V + Sv. 
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± ) S i de“force coefficient, Theta— 55 to 90degs Phi— “0. 3d©g. 
igure 37 . -Effect of notation rate and pitch and roll attitude angles on aerodynamic 
characteristic© for conf i qurat i on BW1H4V+Sv. 
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c. ) Ro 1 1 i ng— moment coefficient. Theta— 55 to 90degt Phi* 0, 0deg. 
igure 39 - —Effect of notation note and pitch and noil attitude anglee on aenodynamic 
chanacteniet ice fon conf igunation BW1H4V + Sc. 



d. ) Rol 1 ing-moment coefficient, Th 0 ta= 30 to 50deg; PHi— — 0. 4deg, 

i gun© 38 . — Effect of rotat ion rate and pitch and noil attitude angles on aerodynamic 
characteristics fon configuration BW1H4V + Se. 
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f- ) Pitching— moment coefficient, Theta= ■ 30 to 50deg; Phi— — 0. 2deg. 

Figune 38. — EFfect of rotation rate and pitch and noil attitude angles on aerodynamic 
charaeterietice for conf iqunation BW 1 H4V+So. 
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h. ) Normal-force coefficient, Theta= 30 to 50degs Phi=— 0. 4deg. 

igune 38 . —Effect of notation nate and pitch and noil attitude anglee on aenodynamic 
chanactenietice fon conf iqunation BW1H4V+Sc. 
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J- ) Side-force coefficient, Theta= 30 to 50degs Phi= — 0. 4deg. 

i gone ^8 , ~Ef feet of notation nate and pitch and noil attitude angles on aenodynamic 
characteristics fon conf i qunat i on BV/lH4V + Sc. 
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figuration BW1H4V+U. 
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b-5 Yawing— moment coefficient, Theta= 30 to 50deg; Phi=— 0. 0deg. 

i gure 39. —Effect of rotation rate and pitch and noil attitude angles on aerodynamic 
character istice fon conf iquration BW1H4V+U. 
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d. 5 Rol 1 ing— moment coefficient, Theta= 55 to 90degj Phi— — 0. 0deg. 

Pi gone 39 . — Effect of notation rote and pitch and noil attitude angles on aenodynami 
chanaotenisti oe fon oonf iqunation BW1H4V+U. 
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f. ) P i tch i ng — moment coefficient. Theta— 30 to 50deg; Phi 0. 3deg. 

s' 

igure 39. —Effect of notation nate and pitch and noil attitude angles on aenodynamio 
chanacten i st i cs fon conf i qunat i on BW1H4V+U. 
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g. ) Normal - force coefficient, Theta= 55 to 90degs Phi=— 0. 2deg. 

igure 39.— Effect of notation rate and pitch and roll attitude anglee on aerodynamic 
character iet ice for oonf i qurat i on BW1H4V+U. 
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b. ) Yawing-moment coefficient, Theta= 30 to 50degs Phi— — 0. 5deg. 

igure 40'. -Effect of notation nate and pitch and noli attitude angles on aenodynamic 
chanact en i st i cs fon conf i quna t i on BW1H4V+D. 
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f. ),Pitohing'moment coefficient, Theta- 30 to 50degs Phi— 0. 3deg. 

igure 40 • -Effect of rotation note and pitch and rol 1 attitude angles on aerodynamic 
chanactenistics fon conf iqunation BW1H4V+D. 
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i. ) Side-force coefficient, Theta— 55 to 90deg; Phi— 0. 5deg. 

4 0 _ — E P P e o t op rotation rats arid pitch arid ro 1 1 attitude angles on aerodynamic 
icteristios Pon conPiguration BW1H4V+D- 







a. ) Yawing— moment coefficient, Theta= 55 to 90degs Phi=— 0. 3deg. 

igure 41 .—Effect of rotation rate and pitch and roll attitude anglee on aerodynamic 
characteriet ice for conf iguration BW1H4V+E. 





ii-vFigur'atian BW1H4V+E. 
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g B ) Normal-force coefficient, Theta- 55 to Q0d©gs Phi 0- 2deg. 
i gure 41 . -Effect of rotation rat© and pitch and roll attitude angles on aerodynami 
character i sties for configuration BW1H4V + E* 
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h. ) Normal-force coefficient, Theta= 30 to 50deg; Phi =— 0. 2deg. 

igune 41'. -Effect of notation rate and pitch and noil attitude anglee on aenodynami 
chanacten i et i ce fon conf i qunat i on BW1H4V+E. 
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i , ) Side-force coefficient. Theta— 55 to 90deg; Phi 0. 3deg. 
igure AY. -Effect of notation rate and pitch and noil attitude angles on aerodynamic 
chanacteni8tic8 fon conf i qunat i on BW1H4V+E. 
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oonf iguration BW1H4V+E. 
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c. ) Ro 1 1 i ng— moment coefficient, Th 0 ta= 60 to 90degs Phi =— 0. 5deg. 

igune 42 . “Effect of rotation rate and pitch and roll attitude angles on aerodynamic 
characteristics for configuration BW1H4V + Spl. 
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configur-ation BW1H4V + Sp 
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iiilililiiNiiiiiiiiliillliiiiiiiiliii^ 



h. ! ) Norma 1 — f oroe coefficient, Theta= 30 to 50deg; Phi=— 0. 3deg. 

i gune~42 • — Effect of notation rate and pitch and noil attitude angles on aenodynamio 
chanactemetice fon oonf igunation BW 1 H4 V + Sp 1 . 
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figuration BW 1 H4V+Sp 
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Jv ) Sids-foroe coefficient, Theta= 30 to 50degs Phi 0. 2deg. 

igure 42 . — Effect of notation nate and pitch and noil attitude angles on aenodynamic 
chanactenistics fon conf igunation BW1H4V+Spl. 
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nfiguration BWlH4V + l/2Sp 
























h. ) Normal - foroe coefficient. Theta— 30 to 50degs Phi— — 0. 2deg. 

igure 43 . —Effect of notation nate and pitch and noil attitude angles on aenodynamic 
chanactenistice fon conf igunation BW 1 H4V+ 1 /2Sp 1 . 
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J- ) S i de— f once coefficient, Theta= 30 to 50dog; Phi=— 0. 2deg. 

igune 43 . —Effect of notation nate and pitch and noil attitude angles on aenodynamic 
chanaoten i et i oe fon oonf i qunat i on BW 1 H4V+ 1 /2Sp 1 . 




b. ) Yawing— moment coefficient, Thata= 30 to 50degi Phi= 0. 3deg. 

Figure 44. -Effect of rotation rate and pitch and roll attitude anglee on aerodynamic 
character i et i ce for conf i gurat i on BWlH4V‘*‘Sp2. 
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/ e. ) Pitching— moment coefficient. Theta* 60 to 90degi Phi* 0. 2deg. \ 

.—Effect of notation nate and pitch and noil attitude anglee on aenodynai 
enietice fon conf igunat ion BW1H4V+Sp2, 
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f. ) Pitching— moment coefficient, Theta= 30 to 50decjt Ph i = 0. 3decj. 

igure 44 . —Effect of notation nate and pitch and noli attitude angles on aerodynamic 
chanacteniet ice fon configunation BW1H4V+Sp2. 
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44 . —Effect, of rotation rate and pitch and noil attitude angles on aerodynamic 
icterietice for configuration BW 1 H4V + Sp2. 
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j* ) S i de~f orce coefficient, Theta— 30 to 50deg; Phi— 0. 3deg. 

igure 44 . —Effect of notation rate and pitch and noil attitude angle® on aenodynamic 
characteristics fon conf i quna t i on BW1H4V+Sp2. 
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b. } Yaw i ng-moment coefficient. Theta— 30 to 50degs Phi=— 0. 4deg. 

F i gure 45 . —Effect of rotation rate and pitch and roll attitude anglee on aerodynamic 
character iet ice for conf iguration BH3V. 
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f . ) Pi tch i ng-moment coefficient, Theta= 30 to 50deg; Ph i =-0- 2deg. 

i gure 45 . —Effect of notation rate and pitch and roll attitude angles on aerodynamic 
character i st i os for conf i qurat i on BH3V. 
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J- 1 ) S i de— f once coefficient, Theta= 30 to 50degs Phi=— 0. 4deg. 

:igun©45 .—Effect of notation nat© and pitch and noil attitude angles on aenodynamic 
chanacten i st i oe fon oonf i qunat i on BH3V. 



a. ) Yawing-moment coefficient, Theta= 55 to 30degs Phi=-0. 0deg. 

igure 46* EfFoct oF notation nat© and pitch and noil attitude angle©' on aerodynamic 
chanactenietic# Fon conFigunation BH4V. 




o . ) Ro 1 1 i ng-moment coefficient, Theta= 55 to 90deg: Phi— — 0. 0deg. 

Figure 46 • —Effect of rotation rate and pitch and roll attitude angle® on aerodynamic 
characteristics for conf i gurat i on BH4V. 
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9 - ) Norma 1 -force coefficient, Theta= 55 to S0degs Phi= 0. 2deg. 

igure 46,. -Effect of notation nate and pitch and noil attitude angles on aenodynamic 
chanacten i et i ce fon conf i gunat i on BH4V. 
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h. ) Normal-force coefficient, Theta= 30 to 50degs Phi=— 0. 0deg. 

i gure 46 . — Effect of notation nate and pitch and noil attitude angles on aenodynamic 
character i st i ce fon oonf i gunat i on BH4V. 




J. ) S i de~f once coefficient, Theta= 30 to 50deg; Phi= — 0. 0deg. 

igure 46 . “Effect of notation nate and pitch and noil attitude angles on aenodynam 
chanactenistics fon conf iqunation BH4V. 
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f. ) P i tch i ng — moment coefficient, Theta= 30 to 50deg; Phi= — 0. 3deg. 

igure 47 . “Effect of notation rate and pitch and no 1 1 attitude angles on aenody 
chanacten i st i cs fon conf i qunat i on BW1H3. 
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g. ) Normal— fore* coeff icient, Th*ta= 55 to 90degj Phi- 0. ldeg. 

Figure 47 • “Effect of rotation rat* and pitch and roll attitude angle* on aerodynamic 
oharaoter iet ice for conf iguration BW1H3. 
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h. ) Normal~forca coefficient, Theta— 30 to 50deg; Phi— 0. 3deg. 
Figure 47 . — Effect of notation note and pitch and nol 1 attitude anc 
characteristics for conf iquration BW1H3. 






J- ) Side-force coefficient, Theta= 30 to 50degs Phi— — 0. 3deg. 

igure 47 . — Effect of rotation rate and pitch and rol 1 attitude angles on aerodynamic 
characteristics Pon conf iquration BW1H3. 
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d. ) Rol 1 i ng“moment coefficient, Theto- 30 to 50degt Phi— 0. 4deg. 

F i gure 48 . — Effect of* notation not© and pitch and noil attitude angles on aerodynomic 
ohanaoten i et i os fon oonf igunotion BW1V. 
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h. ) Norma 1 — force coefficient, Theta= 30 to 50deg; Phi= — 0. 4deg. 

igure 48 - -Effect of notation rate and pitch and rol 1 attitude angles on aerodynamic 
character i st i cs for conf i qur a t i on BW1V. 








J. > Side-force coefficient, Th 0 ta= 30 to 50deg; Phi=-0. 4d©g. 

l g ure ■ Effect of notation rat© and pitch and roll attitude angles on aerodynamic 
characteristics for conf i gurat i on BW1V. 
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i • ) S i de—f orce coefficient, Theta= 55 to 90deg; Phi=-0. 8dog. 

gure 49 . —Effect of rotation rate and pitch and roll attitude anglee on aerodynamic- 
character i et i cs for conf iquration BW1. 
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e. )Side — force coefficient, Theta= 55 to 90degs Phi=— 0. 3deg. 

igure 50 . -Effect of rotation rate and pitch and roll attitude angles on aerodynamic 
characteristics for configuration BH3. 





a. ) Yaw i ng- momen t coefficient, Theta= 55 to 90deg; Phi— — 0. lde 

gure 51 . — Effect of notation rate and pitch and noil attitude angles on aeno 
chanacten i st i os fon conf i qunat i on BV. 
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c. > Rol 1 ing— moment coefficient, Thata= 55 to 90degt Phi=-0. ldeg. 

Figure 51 . —Effect 'of notation nate and pitch and noli attitude anglee on aerodynamic 
chanactenietice fon configunation BV. 
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d. ) Ro 1 1 i ng-moment coefficient, Theta= 30 to 50deg; Phi=— 0. 4deg. 

igure 51 . -Effect of rotation note and pitch and noil attitude angle® on aerodynamic 
character i st i cs f on conf i qunat i on BV. 
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T-. ) Pitching-moment coefficient, Theta= 30 to 50deg; Phi=-0, ldeg. 

l gure 51. -Effect of notation note and pitch and noil attitude angles on aenodynamic 
chanacten i et i cs fon conf i gunat i on BV. 
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h. ) Normal - force coefficient, Theta— 30 to 50degs Phi— 0. 4deg. 
i gure 51'. -Effect of rotation rate and pitch and noil attitude anglee.on aerodynami 
characteristic* for configuration BV. 






J. ) Si de — force coefficient, Theta= 30 to 50degs Phi=— 0. ldeg. 

igure 51. —Effect of notation rate and pitch and roll attitude angles on aerodynamic 
characteristics for conf i qunat i on BV. 
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b. ) Yawing-moment coefficient, The ta“ 30 to ■ 50degi Phi*-0. 4deg. 

Figure 52. “Effect of notation rate and pitch and roll attitude anglee on aerodynamic 
charaoter let ice for conf iguration B. 





425 


d. ) Roll ing-moment coefficient, Theta= 30 to 50deg; Phi 0. 4deg- 

igure 52 . —Effect of" notation rate and pitch and roll attitude angles on aerodynamic 
character i st i cs for conf iquration B. 
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9- ) Normal-force ooeff ioient, Theta= 55 to 90degs Phi" 5 — 0. 4deg. 

9 ure • Effect of notation rate and pitch and noil attitude angles on aenodynamic 
chanac ten i st i cs fon conf iqunation B. 
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c. D Pitching- moment coefficient. 

i gure 53. -Aerodynamic forces and moments ve flb/2V for different combinations of 
and V. Theta=30 degreee. 
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d. ) Norma 1 -fore© coefficient. 

i gone 53. —Aerodynamic forces and moments vs flb/2V for different combinations of 
and V. Theta=30 degrees. 





i a. ) Yawing-moment coeff ioient. 

igure 54 . -Aerodynamic forces and moments vs Qb/2V for different combination® of (l 
and V. Theta=60 degrees. 







c. ) P i tch i ng— moment coefficient. 

gun® 54 m — Aerodynarti i c foncoe and moment® vs flb/2V fon diffenont combination* of 
and V. Theta=60 decrees. 







a. ) Yaw i ng— moment coefficient. 

i gure 55. - Aerodynamic forces and moments vs {Yb/2V for different combinations of 
and V. Theta=90 decrees. 
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b. ) Ro 1 1 i rig - moment coefficient. 

i gone 55, — Aerodynamic forces and moments vs flb/2V f on different combi not i one of 
and Thota=90 degrees. 
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c. ) P i tch i ng- moment coefficient. 

i gure 55. -Aerodynamic forces and moments vs /ftb /2V for different combinations of 
and Vi Theta=90 degrees. / 
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• d. ) Normal-force coefficient, 

i gone 55,. "Aerodynamic ■Forces and moments v® flb/2V For diFFerent combination® oF 
and V. Theta=90 deqrees. 
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